Visualization of endothelial clefts and nuclei in living microvessels with combined reflectance and fluorescence confocal microscopy.
The cellular basis for spatial heterogeneity along postcapillary venules in their response to inflammatory mediators is not understood. To study permeability regulatory processes on an individual cell basis in intact microvessels, we developed methods to delineate individual endothelial cells within living, single perfused microvessels. Individual postcapillary microvessels in the mesenteries of frogs and hamsters were perfused with chloride-free Ringer's solutions containing AgNO3 (0.1 g per 100 ml) for 5--10 s. Vessels were immediately flushed with Ringer's solution containing serum albumin and some vessels subsequently perfused with the fluorescent nucleic acid stain YO-PRO-1 (1 microM) for 10-15 min. Vessels were imaged in situ using laser scanning confocal microscopy. A reflectance image from silver precipitate in the endothelial clefts and a fluorescence image of the nuclei were simultaneously recorded. Stacks of confocal images were merged and used to reconstruct the three-dimensional orientation of endothelial cells. Hydraulic conductivity of some frog mesenteric venular vessels, measured before and after perfusion with AgNO3, was used to assess the integrity of the vessels. The endothelial cell clefts were delineated with a very fine, readily imaged precipitate of silver. Hydraulic conductivity measured after AgNO3 perfusion in frog mesenteric venular microvessels was not significantly different from control. Vessels showed a slight reduction in reactivity to inflammatory stimuli. The three-dimensional pattern of endothelial cells in the living vessels was imaged. Combining confocal microscopy with silver staining in single perfused microvessels was shown to be an effective means to delineate the three-dimensional pattern of endothelial cells forming microvessel walls. It enables further study of the vascular structure and function relationships at the individual cell level in intact microvessels.